Introduction
Gestational trophoblastic neoplasia (GTN) is prone to hematogenous metastasis, most commonly to the lungs. Pulmonary metastases occur in as many as 70% of patients with GTN, and 90% of these patients are cured with chemotherapy. [1] [2] [3] However, a small minority of patients have refractory GTN associated with lung metastasis after a failure of first line chemotherapy. At this time, lobectomy or partial thoracotomy has been supported in several small sample studies and case reports, particularly in patients with abnormal serum beta human chorionic gonadotropin (β-hCG) levels. 2, [4] [5] [6] [7] [8] In addition, in our previous study, although we found further treatment was not needed for patients 
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Feng et al with complete response to the first line chemotherapy and residual pulmonary lesion, trophoblastic tumor cells existed in 35.7% (10/28) refractory patients who underwent pulmonary surgery. 2 Salvage chemotherapy, often combined with surgical resection of sites of persistent lesion, will result in cure for the majority of patients with refractory GTN. For patients with normalization of serum β-hCG after salvage chemotherapy, the impact of surgery on patient outcome was usually defined as not assessable. 9 To date, there is limited data assessing the need for pulmonary surgery in refractory patients with residual pulmonary lesion after normalization of serum β-hCG with salvage chemotherapy. Despite normalization of serum β-hCG with salvage chemotherapy in refractory patients, normal β-hCG levels cannot guarantee absence of active trophoblastic cells, which could be the origin of relapse. Thus, is it necessary to perform surgery on the refractory patient with normal β-hCG level after salvage chemotherapy? The answer remains uncertain. This prompted us to conduct this retrospective study of patients with refractory GTN associated with pulmonary lesion. The goal of the present study is to determine whether pulmonary surgery is necessary when the serum β-hCG level is normalized after salvage chemotherapy.
Materials and methods
This study was retrospective and conducted between January 1995 and December 2008 at the Peking Union Medical College Hospital (PUMCH). The cutoff date of follow-up was December 2012.
Patients with GTN were identified through review of institutional databases. Eligibility criteria included the following: patients with refractory GTN during first line chemotherapy who underwent lobectomy or partial thoracotomy at the PUMCH, and where postoperative chemotherapy and follow-up were performed at the PUMCH. Refractory GTN was defined according to following criteria: a plateau (,1 logarithmic fall in the β-hCG level) or an increased β-hCG level despite receiving at least two consecutive cycles of standard chemotherapy. The patients with placental site trophoblastic tumors or epithelioid trophoblastic tumors were excluded from this analysis because they had rather variable chemosensitivity. All patients provided written informed consent before starting the treatment at the PUMCH.
All patients with refractory GTN received salvage chemotherapy with multidrug regimens. Several multidrug chemotherapy regimens were used, based on the previous chemotherapy protocols that patients had received. Salvage chemotherapy regimens commonly included: vincristine, floxuridine, dactinomycin, and etoposide; etoposide, methotrexate, and dactinomycin, alternating with cyclophosphamide and vincristine; or etoposide, methotrexate, and dactinomycin, alternating with etoposide and cisplatin. Serum β-hCG levels were measured before each cycle of chemotherapy. Chemotherapy was changed if serum β-hCG levels reached a plateau or began to increase for two consecutive cycles of chemotherapy. The patients received three or four cycles of consolidation chemotherapy after normalization of serum β-hCG.
For each patient, all available preoperative data were collected, including age, type of antecedent pregnancy, International Federation of Gynecology and Obstetrics stage and score, the number of preoperative chemotherapy cycles, preoperative disease sites, and preoperative β-hCG level. All lobectomies or partial thoracotomies were performed at the PUMCH. Before deciding to perform surgical resection, computed tomography or magnetic resonance imaging of the brain, chest, and abdomen, and ultrasonography of the pelvis were performed to document the site and number of lung metastases and the disease outside the lung. To minimize the possibility of inducing metastasis of trophoblastic cells by surgical manipulation of tissue, surgical procedures were usually performed during chemotherapy.
All surgical specimens were analyzed. Positive pathologic findings of the resected specimen were defined as trophoblastic cells documented in the specimen, whereas necrotic or hemorrhagic tissue, fibrosis nodules, or no trophoblastic cells was defined as negative pathologic findings. Serum complete remission was diagnosed after weekly β-hCG level was within the normal range (#2 mIU/mL) for three consecutive weeks during treatment. After the completion of treatment, serum β-hCG level was measured weekly for 4 weeks, then biweekly for up to 3 months, followed by monthly measurements for the rest of the first year, then every 3 months in the second year, and every 6 months to 1 year thereafter.
Demographic and baseline characteristics were summarized by using medians (with ranges) for continuous variables and proportions for categorical variables. The correlation between pathologic findings and clinical factors was done using the chi-square test. Survival analysis was performed using Kaplan-Meier methods. Differences were considered statistically significant at P,0.05. All analyses were carried out using the Statistical Package for Social Sciences (version 12.0.1; SPSS Inc., Chicago, IL, USA).
Results

Patient characteristics
Twenty-one patients with refractory GTN who underwent lobectomy had preoperative normal serum β-hCG Table 1 . At the time of pulmonary lobectomy, all patients were heavily pretreated with chemotherapy. The median number of preoperative regimens was four and ranged from two to six, and 85.7% of patients received at least three chemotherapy regimens. Nineteen (90.5%) of the patients had a high-risk GTN.
Pathology
Of the 21 patients who underwent a resection of pulmonary metastases, six (28.6%) had positive pathologic findings. Clinical characteristics and pathologic findings in the patients are summarized in Table 2 . No variables in patient characteristics were associated with pathologic findings. Moreover, three (27.3%) of 11 patients who had no less than two cycles of consolidation chemotherapy before surgery still had positive pathologic findings.
survival Postoperatively, one of the 21 patients who underwent pulmonary surgery did not receive further treatment and died. This patient died due to cerebral hemorrhage at 11 days after surgery.
At the time of analysis, at the median follow-up of 78 months (9-186 months), of the 20 patients who completed treatment, three had relapsed disease, including two with negative pathologic findings and one with positive pathologic findings. Only one patient achieved a durable remission by further salvage chemotherapy combined with hysterectomy, whereas two ultimately died of GTN. Overall, at the time of analysis, 18 patients (85.7%) were alive without GTN (Figure 1 ). The survival rate of patients with positive and negative pathologic findings was 83.3% (five of six patients) and 86.7% (13 of 15 patients), respectively (P=0.658). The 5-year overall survival was 72.2% ( Figure 2 ).
Discussion
Treatment of GTN represents one of the most dramatic successes of chemotherapy in the treatment of human malignancy. However, the primary refractory rate to initial chemotherapy 
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Feng et al of patients with nonmetastatic low risk, metastatic low risk, and high risk GTN is 10%-20%, 30%-50%, and 20%-30%, respectively. 10 Salvage chemotherapy, often combined with surgical resection of sites of persistent lesion, will result in cure for a majority of patients with refractory GTN. The impact of surgery on the patients' outcome was determined using the effect of the operation on the β-hCG levels. The impact of surgery was usually defined as effective when the β-hCG clearly decreased and achieved normal values in the postoperative periods, or not assessable when the β-hCG was within the 
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Thoracotomy in refractory gTn with lung metastasis normal range at the time of surgery. 9 However, publications examining the impact of surgery often do not distinguish between the patients with and without normalization of serum β-hCG.
2,4-8 Therefore, little is known about the role of salvage surgery in patients with normalization of serum β-hCG following salvage chemotherapy.
Refractory GTN associated with lung metastasis has been attributed to an ineffective concentration of drugs reaching the lung lesion because of central necrosis, or encasement of tumor by fibrin, or the presence of a clone(s) of resistant cells that pre-existed within the lung lesion or that developed following chemotherapy. 10, 11 Several retrospective studies have demonstrated that pulmonary surgery is effective in selected patients with refractory GTN associated with lung metastasis, despite the series often being small in size.
2,4-8
Fleming et al reviewed their experience with pulmonary surgery in 11 patients with refractory GTN and proposed the following criteria for successful resection: good surgical candidate, stage III disease, a preoperative hCG of less than 1500 mIU/mL, and a solitary lung nodule resistant to chemotherapy. 8 Similarly, Lurain et al reported that prompt regression of β-hCG within 1-2 weeks of surgical resection predicted a favorable outcome. 6 In our previous study, we found that 91.5% of patients with refractory GTN who underwent surgical management combined with chemotherapy achieved remission when they had a preoperative serum β-hCG level of less than 10 IU/L (normal serum β-hCG level #2 mIU/mL). 5 However, none of these studies provides any additional data to that presented here concerning the impact of surgery on patients with normal serum β-hCG level following chemotherapy.
In our previous study, although we found that further treatment is not needed for patients with normal β-hCG level and residual lung tumor, it refers to nonrefractory or invasive mole patients. In five chemoresistant and eight nondrug-resistant patients who received pulmonary surgery, positive pathologic findings were found in 60% (three of five) and 12.5% (one of eight) of patients, respectively. 12 For chemoresistant and recurrent patients, it is difficult to thoroughly eliminate the tumor cells by chemotherapy alone. Accordingly, we believe pulmonary surgery is necessary for refractory patients to avoid progression of disease. In the present study, six of 21 patients with normal preoperative β-hCG level had positive pathologic findings. Moreover, of 11 patients who actually had no less than two cycles of consolidation chemotherapy before lobectomy, 27.3% (three of eleven) still had positive pathologic findings. This finding suggests that some patients with apparently refractory GTN do benefit from salvage surgery even if normalization of serum β-hCG is reached by chemotherapy. Thus, salvage surgery is indicated for refractory patients with normal preoperative β-hCG level after salvage chemotherapy.
Doumplis et al described that adjuvant chemotherapy was not administrated when no viable trophoblast was identified in surgical specimens. 13 However, in this study, two patients with negative pathologic findings who received postoperatively chemotherapy still had relapse. In addition, the survival rate of refractory patients was not statistically significantly different between patients with positive and negative pathologic findings. Therefore, we suggest that postoperative chemotherapy should be continued until the chemotherapy scheme is completed, irrespective of viable trophoblast in surgical specimens.
Surgery clearly played a significant role in achieving complete remission in selected patients. Patients with only isolated and unilateral metastatic disease in the lung were more likely to benefit from surgical resection with either lobectomy or partial thoracotomy when compared with those with bilateral or multiple lung lesions or those who had more than one disease site. 5, 8 However, in the present study, four patients with brain and lung metastases who underwent thoracotomy for possible chemoresistant lung disease achieved serum complete remission. It should be noted that although refractory patients would have more than one disease site on metastatic evaluation, thoracotomy is indicated for patients with lung lesion. In addition, as a specialist center for GTN, a group from the Charing Cross Hospital, UK, have reported on the outcome of patients with chemorefractory GTN who received initial treatment at the Charing Cross Hospital. The overall 5-year survival for patients with chemorefractory GTN was 43%. 4 In this study, the outcome of patients with refractory GTN who underwent pulmonary surgery had good prognosis as the overall 5-year survival was 72.2%. Thus, the importance of salvage surgery for patients with refractory GTN was underlined.
In conclusion, we found 27.3% of positive pathologic findings in refractory patients with lung metastasis who underwent pulmonary surgery after normalization of serum β-hCG level for no less than two cycles of consolidation chemotherapy. This result emphasizes the importance of combined salvage surgery, rather than salvage chemotherapy alone in refractory patients in whom normalization of serum β-hCG level is attained after salvage chemotherapy, to reduce the possibility of recurrence. We propose that salvage surgery is indicated for refractory patients with normal preoperative β-hCG level and localized pulmonary lesion, although
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